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ROBOnCALLY OPERAT ED LASER IffKAn 

CROSS-REFERENCE TO RELATED APPUCATIONS 
This is! a coiiq)Ietion i^plicatioii of a co-pending, prior filed U.S. provisional 
appUcation s/n. 60/099,547 entitled 'Xaser Cutting-Head with Adjustable Light 
Source, Crash Avoidance System and Improved Gas Delivery System'' filed September 
9, 1998, th^ disclosure of which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 
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15 The present invention pertains to robotically operated laser cutting and welding 

devices. More particularly, the present invention pertains to a robotically controlled 
lasCT cutting or welding head that operates about the sur&ce of a three dimensional 
woikpiece. 

20 n. PRIOR ART 

Present-day laser cutting or welding devices typically have a light source that 

directs light to one or more mirrors and lenses which in turn directs the light to a focal 

or condenser optic. The light source may be an optic fiber. The noirror and lenses or 

optics of the laser device are typically housed in a laser head. The laser head has a 
25 housu% with a nozzle through which a laser beam is directed to in^inge upon a 

woikpiece. The op^ation or motion of the laser head about a workpiece may be 

controlled by a robot and controller or the like. 

Robotically controlled laser devices are often operated under rugged conditions. 

The devices are subjected to jarring, bumpmg and vibrations. Continual use under 
30 these conditions oflen resufts in the light beam being other than optimally aligned on 

the laser optics. 
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Centring the light beam on the laser optics is important \^ere light conveiges 
from the focal lens through the nozde onto a work piece to deliver large amounts of 
enogy. A focal lens is often used to concentrate such light from the light source into a 
powerfiil beam to cut or weld various materials. The most rataise part of the beam is 
the apex or fi>cal spot. The apex or focal spot impinges upon a woricpiece to perform 
much of the laser operatioa It is therefor necessaiy to maintam an optimal portion of 
the incoming Ught beam upon the focal lens to thereby maximize the operation of the 
focal ^t upon a w<»kpiece. 

Additionally, replacemem of the light source is not uncommon. Once a new 
Ught source is instaUed, the Ught beam is typically aligned upon each minor or lens in 
ibe optic system. Care must be taken not to significantly alter the optimal path length 
of Ught dtveiging from the light source to avoid diminishing the mtensity of the 
concentrated laser beam. Care must also be exercised to direct the concentrated light 
beam through the nozzle of the laser head. Thus, the instaUation of a new Ught source 
is often time consuming, lab(Mious, and requires considerable care. 

B^alignment of the optics in many presem day laser heads mandates that the 
head be dismantled and each minor or lem be individually adjusted. Laser cutting 
operations may not be performed in the cleanest environments. Thus, the teser head 
must be removed from the operation site to a dean location so that the laser optics can 
be adjusted in a contamination free «ivironment. The reafignment process, Uke the 
instaUation process, is also time-consummg, laborious and requires considerable care so 
as not to contaminate the optics with dirt and dust. 

Some laser heads provide a way to reaUgn the laser beam by adjusting the focal 
or condenser lens. In such laser heads, a mechanism for adjusting the condenser lens is 
disposed near or at the nozzle. A laser head having a mechanism for adjusting the 
condenser lens is disadvantageous for a number of reasons. One such reason is that the 
mechanism for adjusting the condenser lens resuhs is a laser head having a bulky 
housing and nozzle. The buUcy housing and nozzle is particularly disadvantageous 
where the laser head must be manipulated about the surface of a three-dimensional 
woriqriece having varying topography. 

Furthermore, assist or make-up gases, such as oxygen, are used with lasers to 
increase the laser's cutUi^ efficiency and for removing debris from the cutting surfece. 
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The assist gas is typically delivered from the nozzle of the laser head to the surfece of a 
worlq)iece. The gas my be delivered to the nozzle via an external, loose tube or hose 
connected to a gas source. The gas delivery tubes of present day laser heads are 
deficient for a number of reasons including the feet that they create a point or place for 
5 aworlq)iecetocatchupon. Additionally, these tubes frequently wear out or become 
damaged as a resuh of their external positioning next the laser head, thus requiring 
repeated replacement. 

As is generally known to the sldlled artisan, present day laser heads can be 
operated by a robot. The robot controls the pattern and distance the laser head operates 
10 about the surfece of a workpiece. 

The surfece topography of a woikpiece can vary considerably. Similarly, the 
thickness of a workpiece can also vary considerably. As a result, it has been a long- 
standing problem to have coUisions between the laser head and a workpiece or a 
surrounding fixture that may damage either the laser head or the workpiece. To further 
complicate the problem, workpieces are often cut in batch during industrial operations. 
As a robot moves the laser head from workpiece to workpiece collisions may occur due 
to the misplacement of the workpiece within a support structure. 

One attempt to overcome the problem of collisions has been to provide present 
day laser heads with breaker switches or micro switches that open to stop die robot 
20 after a laser head has coUided with a workpiece. The force required to open the breaker 
switch may be a force sufficient to disconnect the laser head from the robot. This force 
can be sufficient to damage the laser head, optics or the robot. 

Therefore, it is to be appreciated fix>m the preceding that present day robotically 
operated laser heads are deficient in providing for precise manipulation about a thiee- 
dunensional workpiece having varying topography for a number of reasons. For 
example, present day laser heads require a bulky housing to accommodate present day 
optics and their siq>port structures. Further, present day laser heads are typically fitted 
with an external assist gas deUvery system that may catch upon a workpiece or fixture 
and may succumb to accderated wear. 

It is also to be appreciated from the preceding that pres«it day robotically 
operated hiser heads feU to provide a suitable means for adjusting the optical path of a 
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light source upon a condenser optic to focus a laser beam through a nozzle of the laser 
head. 

It is also to be appreciated from the preceding that present day lobotically 
operated laser heads fail to provide an eflfective, yet durable, way of delivering an assist 
gas to the nozde of a laso- head. 

It is also to be appreciated from the preceding that present day, tobotically 
operated laser devices having a laser head attached to a robot are deficient in provlHing 
an effective means of avoiding a collision with a worlquece so as not to substantially 
disconnect tiie laser head from the robot attached thereto. 



SUMMARY OF THE INVENTION 
As discussed hereinbelow» the present invention, to address the above stated 
problems and others, as is detailed h^einafier, cables an improved laser head for 
manipulation about a three-dimensional woiiq)iece having varying topography. The 
present invention also provides an improved laser device having means for avoiding a 
collision with a workpiece by stopping the robot and laser head operation before 
damage to the laser head or robot occurs. 

Tte laser head hereof has: a housing; a nozzle attached to the housiiig at a distal 
end thereof the nozzle forming a tip, a light source which produces a light beam 
20 supported by the housing; at least one focal optic for receiving the Ught beam and 
focusing the tight beam into a high density laser beam through the nozzle, means for 
adjusting the tight path of the Ught beam from the tight source within the housing onto 
the focal optic wherein the means for adjusting is adapted to center the focusing beam 
coaxial with the tip, and means for adjusting the means for receiving the tight beam. 
25 laser head may forther include means for detivering an assist gas fixjm 

inside the housing, through the nozzle to the cutting surface of a workpiece. Also, the 
laser head may forther comprise means for determining the prxjximity of the laser head 
to a workpiece. 

By ddivering an assist gas from within the housing and placing the means for 
30 adjusting the means for receiving the Ught beam within a top portion of the housing, the 
nozzle and tte laser head may be formed with a more streamlined design. By making 
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Ae housii^ and the nozzle more streamlined, the laser head can be opoated more 
precisely about the sut&ce of a three-dimensional woriq}iece. 

The present invention also provides means for avoiding a collision between a 
laser head and a woriqriece. Robotic operation of the laser head may be performed in 
5 several modes. The modes of operation may be determined by either the proximity of 
the laser head to a surfece of a work piece or the operating condition of the robotic unit 
or both. The modes of operation may include, for example, an operation or run mode, a 
park mode, a teach mode, and a hold mode. The modes of operation may finther be 
controUed by the operating condition of the laser head, for mstance, whether the laser 
10 head is operating at an extended or a retracted limit. 

In use the laso- head is mounted to a robot or robotic ann, which together, 
fonction as a laser device that may operate upon a sur&ce of a workpiece in one or 
more of the above mentioned modes. The laser device has means for determining if the 
laser head is m contact with or in close proximity to the surfece of the workpiece. 
15 Depending upon the mode of operation that the bser device is functioning in, the 

device, particularly the robot operation, will cease to operate when the laser head is at a 
predetermined distance from a workpiece. Thus, by prohibiting the device from 
operating in certain modes when the laser head is positioned above a surfece of a 
workpiece at a certain distance, the present invemion provides a crash avoidance 
20 system whereby the laser head is less likely to be involved in a crash with a workpiece 
to prevent damage and other problems that may therefor follow. 

The laser head hereof may be telescopable. In operation, the tdescopable laser 
head retracts and extends to follow the surfece of a workpiece and to correct for minor 
deviations therein The crash avoidance system provides means for stopping the laser 
25 head and robot or the laser device when the telescopable laser head reaches an extended 
limit or a retracted limit. 

The hiser head will typically reach an extended limit when the laser head is folly 
telescoped and positioned at a maximum distance from a work piece such that the laser 
head can not extend forther to accommodate the distance from a workpiece that the 
30 laser head is operating at. Even though the laser head is not likely to be involved in a 
collision with a work piece at this distance, such distance is likely to result in inferior 
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use of the laser. Therefore, the robot is better shut down or stopped then left to 
contumed opoation about a workpiece. 

The laser head reaches a retracted limit when the laser head moves so close to a 
workpiece that the laser head may no longer retract within itself. The laser head may 
readi a retracted limit for a number of reasons, for example as a result of operating 
programming which does not coincide with the variations among surface topography 
between woikpieces. If a laser head is left to operate at a retracted limit, the laser beam 
may not optimally impinge upon the surfece of the workpiece. Additionally, the laser 
head will be more prone to crashing when operating at a retracted limit. Therefore, the 
robot and laser head are preferably stopped until adjustments, such as reprogramming 
Q the robot or repositioning the work piece, may be preformed. 

g ^»™>«<»nvlete understanding of tiiepresem invention, refiaencew 

I to the following detaUed description and accompanying drawings. In tiie drawings like 

J= "^fefence characters refer to like parts tiffoughout the several views. 

S 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

g Fig. 1 is a cross-sectional side view of a first embodiment of a laser head in 

p accordance ho'ewith; 

g Fig. 2 is a cross-sectional top view of tiie laser head hereof taken along line 3-3 

U 20 of Fig. 3 and Une 1-1 of Fig. 1; 

Fig. 3 is a second cross-sectional side view of tiie laser head in accordance witii 
the present invention; 

Fig. 4 is a cross-sectional view of a second embodiment of a laser head in 
accwdance witii the present invention; and 
25 Fig. 5 is a flow chart of a preferred method of crash avoidance of a robotically 

operated laser head in accordance with tiie present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
At tiie outset, it is to be noted tiiat tiie present invention is particularly suited for 
30 use in solid material cutting or welding, such as in metal cutting, sheet metal cutting, 
welding, lap welding or for tiie car manufachiring industiy in general, etc., akhough 
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Other uses therefor wiU become apparent to the sldlled artisan from the ensuing 
disclosure. 

Now referring to Figs. 1, 2 and 3, a laser head 10 in accordance with the present 
invention is depicted therein as inchiding a housing 12 contaimng laser optics 13. The 
housing 12 fonns a hollow mner chamber 20 to provide a light path and to protect the 
optics 13 from particulates and abrasion during any laser cuttmg or welding operatioa 
The housing 12, at a first end thereof is connected to a mounting block: 14 by 
conventional means, such as festeners or the like. The mounting block 14 may be 
formed separate from the housing 12 or made integral therewith. The mountmg block 
14 provides a suitable attachment member for securing various componems or the laser 
head thereto. The housing 12 tapers down at a second end to a nozzle 16. 
Ahematively, the nozzle 16 may be attached to the second end usmg suitable festening 
means. The nozzle 16 fiirther tapers down to tip 90 having an exit or nozzle port 1 7 to 
provide a laser head that can direct assist gases and prevent debris or spatter from 
operation upon a woriq)iece from entering the nozzle 16. 

In a preferred embodiment, the nozzle 16 is an extended tubular member that is 
narrower than the housing 12. Such a nozzle may have a first tapering conical portion 
followed by a second tapering portion, which also extends longitudinally to provide an 
extended member. The second tapering portion is then foUowed by a third conical 
tapering portion that tenninates at a tip. The extended, nairower tubular nozzle 
provides a laser head capable of precisely operating about a three dunensional 
workpiece. 

A fight source 1 8 is connected to the mounting block 14 and is in optical 
communication with the hollow inner chamber 20 of the housing 12. The fight source 
18 provides a fight beam for the laser head. The fight source 18 can be any suitable 
laser fight beam generating means, for example, an optical fiber orthe fike. The fight 
source 1 8 is adapted to shine a beam of fight through a chamber in the mounting block 
14 and is adjustably connected thereto, as discussed below. 

The fight source 18 generates and directs the fight beam upon the laser optics 13 
or means fijr receiving the fight beam. The means for receiving may be any type of 
receiving optic, inchiding a lens, mirror, prism, beam splitter, etc. As shown, the 
means for receiving the fight beam comprises a first or receiving lens 22 disposed 
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whhin the hoUow inner chamber 20 of the housing 12. The receiving lens 22 may be a 
coUimating lens. The receiving lens 22 provides means for deUvering a suitable Ught 
beam to a second or focal lens 26. As shown, the receiving lens 22 is supported within 
the mner chamber 20 of the housing 12, at the end opposite the mounting block 14, by a 
first lens cartridge 24. The second lens 26 is supported inside the housing proximate a 
top portion ofthe nozzle 16 by a second lens cartridge 28. The second lens 26 is in 
optical communication with the first lens and may receive a collimated Ught beam fix>m 
the first lens 22 to focus the Hght beam through the nozzle 1 6 onto a woricpiece. 

The laser head 10, hereof fiirther includes means for adjusting the incoming 
light beam upon a first receiving optic or the like, which is generaUy depicted at 33 . As 
shown, the means 33 for adjusting the incoming Kght beam includes a fiber adapter 42 
adjustably seated within the mounting block 14. The means 33 for adjusting the 
incoming Ught beam upon the first receiving optic provides for directing or centering 
the incoming Ught beam upon a desired light path. The desired Ught path is, for 
instance, an optical path in line with the focal or condensing lens 26. Thus, upon 
operation of the means 33 for adjusting, the incoming Ught beam can be directed upon 
the focal lens 26 in a manner suitable for deUvering an amount of Ught to the focal lens 
26 sufficient for forming a high-powered laser beam. The means 33 for adjusting also 
permits the focal point of a laser beam to be cemered coaxial with the nozzle port 1 7 or 
20 hole without moving the focusing lens or the nozzle. 

The means 33 for adjusting may comprise a fiber adapter 42. The fiber adapter 
provides means for adjustably supporting an optical fiber. As shown, the fiber adapter 
42 is a hollow member having an outer wall 48 for supporting an optical fiber within 
the mounting block 14. The outer waU 48 is adapted to extend into the mounting block 
25 14andterminateatatip44ofthefiberadapter42. The tip 44 has a central opening or 
is open at a first end for directing Hght fiom the optical fiber there through. Asupport 
ridge 46 extends circumferenciaUy fi-om the outer waU 48 to sUdably support the fiber 
adapter 42 upon a ledge or shelf 32 of the mounting block 14. The outer wall 48 
iongitudinaUy extends beyond the support ridge 46 where the wall 48 has at least one 
» notch 50 CircumferenciaUy disposed thereabout. The notch 50 is used to secure or fix 
the position of the fiber adapter 42 within the mounting block 14. The waU 48 



8 



wo 00/54925 PCT/US99/20820 

tenninates at a second open ead 52. The second open end 52 is adapted to receive an 
optical fiber there through. 

An optic or optical fiber 34 is seated in the fiba- adapter 42 and ext«ids to 
approximately the tip 44 of the fiber adapter 42. The optical fiber 34 is secured or 
removably fixed within the fiber adapter 42 using any suitable fastening means, for 
example, a screw 58 impinging upon a tapered portion 56. The use of the optical fiber 
34 for producing a light beam is genoally known and includes any type of long, thin 
thread of fiised silica, or other transparent material used to transmit li^. 

The mounting block 14 provides a support fi)r the fiber adapter 42 and a 
m^shanism to shear upon the ocoirrence of a viol«it or uncontrolled crash between the 
laser head and a worlq}iece or other fixture. The mounting block 14 has a first 
throughbore 91 and a second bore 93 concentric therewith, the bores 91, 93 cooperate 
to fi>rm a ledge 32. The fiber adapter 42 has a ridge 46 adapted to set upon the ledge 32 
of the mounting block 14. The second bore 93 has a radms substantially greater than 
both the ridge 46 of the fiber adapter and the first bore 91 of the mounting block 14. 
The fiber adapter 42 is disposed tip 44 first in the first throughbore 91 of the mounting 
block such that the ridge 46 of the fiber adapter contacts the ledge 32 of the mounting 
block and is translatable or is slidably seated thereon. Thus, the fiber adapter 42 is 
adapted to translate or slidably move upon the ledge 32. The slidabiUty or translation 
of the fibCT adapter 42 provides for adjustment of fiie lig^ beam upon the focal lens 26 
to center the fixaised laser beam through the tip 90 of the nozzle 16. 

The mounting block 14, may also provide a support to attach the laser head to a 
robot 35 (^own in part). The laser head may be attached to the robot 35 uang any 
suitable fiistening means, such as magnetic attachment, bieak-away tabs. etc. The 
fastening means preferably provides a safety release mechanism, which disconnects the 
laser head fiom the robot upon a violent or uncontrolled collision. 

As shown in Fig. 3, the mounting block is a two piece structure that acts as a 
safety relief mechanism adapted to shear upon the laser head uncontroBably collidmg 
with another object to separate the laser head containing the optics fi^om the robot 35. 
The safety relief mechanism comprises an upper break-away flange 36 and a lower 
break away flange 40. The upper break-away flange 36 is secured to the robot 35 using 
suitable fastening means, such as screws, bohs or the like. The lower break-away 
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flange 40 is secured to the mounting block 14 using suitable fastening means, such as a 
screw 60, bolt or the like. The lower break-away flange is secured to the upper break- 
away flange by a suitable break-away means. The break-away means is effected by at 
least one break-away plate 62 and a phoality of pins 98, 99 connecting the upper break- 
away flai^e 36 to the lower break-away flange 40. A break-away ring 38 is disposed 
between the upper and tower break-away flanges to provide means for aUgning the 
flanges. The break-away ring 38 conforms to the inner shape of the upper and lower 
flanges and rests upon the lower flange to effectuate the alignment. 

The break-away plate 62 may be formed of any material that provides a suitable 
shearing mechanism to disconnect the upper flange 36 from the lower flange in the 
event of an uncontroUed coUision between the laser head and a woriq)iece or other 
object to thereby separate the laser head from the robot 35. Such a mechanism protects 
the robot and the laser head from major damage should a collision be unavoidable. 
The lowra- break-away flange 40 has a bore with a radhis substantially wider 
15 than the outer wafl 48 of the fiber adapter 42 to aUow for unrestricted movement of the 
fiber adapter 42 As discussed below, movemem of the fiber adapter 42 may be 
restricted by one or more &stena^. 

Referring now to Fig. 2, the fiber adapter 42 is adjustably attached to the 
mounting block 14 with a plurality of fiisteners 66, 66\ 66". 66"'. Preferably the fiber 
20 adapter 42 is adjustably mounted withm the mounting block with at least three 

fasteners, and preferably four fiisteners, diametrically disposed radially about the lower 
break-away flange and contacting the notch 50 of the fiber adapter 42. As shown in 
Fig. 1, a screw 66 mounted through the lower break-away flange 40 contacts the notch 
50 in the outer wall 48. The screw 66 cooperates with at least one other screw to 
25 restrict the slidable movement of the fiber adapter 42 about a horizontal or a x-y axis. 

The plurality of festeners 66, 66', 66", 66"' are equaUy distanced around the 
fiber adapter 42. Adjustment of the Ugfat beam is accompUshed by loosening specific 
fasteners 66, 66'. 66", 66"' foUowed by the tightening of other &steners 66, 66'. 66". 
66"' whereby the optic fiber or the fiber adapter 42 may be incrementally moved. This 
movement of the optic fiber, m turn moves the Ught beam emitted from the light source 
to incrementally aher the light path of the beam along the x-y axis of the laser head. 
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When the correct position of the lig^ beam is readied, all &staia^ 66, 66', 66", 66"' 
are re-tightened. 

In use, the laser head travels along a sur&ce of a woriquece at a predetermined 
speed. As the present invention contemplates, the laser head is adapted to operate upon 
a three dimensional sur&ce having varying topography. Such a laser head is adapted to 
continuously aher the position or distance that the tip 90 or nozzle 16 of the laser head 
operates at in relation to the changing surface topogr^hy of the worlq>ieoe. 

A laser head adapted to continuously aher the operating height is now described 
in a preferred embodiment. The housing 12 m this preferred embodiment is a 
tdescopable two-part assembly conqnismg a first body or uppw ^e-induoed tube 70 
and a second body or lower tube 72 retractable and extendable into and out of the first 
body 70. 

The tdescopable housing 70, 72 provides a laser head that may precisely track 
the surfece of a woriqnece in relation to the changing topography of said surfece. The 
tdescopable housing also provides an improved or fester means for adjustiiig the 
distance or hdght that the laser head operates at above a workpiece as compared to a 
Ias«- head adjusted solely by a robot or robotic arm. 

The first and second bodies 70, 72 may be formed of any suitable material, 
inchiding stainless sted, brass, alloys, ceramics, etc. Suitable materials are resistant to 
wear and heat and provide adequate support for the optics. The bodies 70, 72 are 
preferably rigid, cylindrical structures that are sized to fit one within the other. The 
tdescopable housing thereby provides a housing less prone to wear, as opposed to for 
example, an accordion or a flexible housing design 

The laser head, as shown in Fig. 3, includes means 21 for continuously 
adjusting the distance or height that the nozzle or laser head operates at above the 
surfece of a workpiece. The means 21 for continuously adjusting is any suitable device 
for extending and contracting the housmg within itself or the mounting block. Such 
means may include one or more of the foUowing, for example, an electric motor, rack 
and pinion, hydraulic means, pulley and cable, opposing springs, etc. 

As shown, the means 21 for adjusting includes a motor 76, a flange 75, a pulley 
74, a cable 80, and at least one spring 82 that are connected to drive the tdescopable 
housing. As stated above, the lower tube or second body 72 has an outer diameter 
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smaller than the upper tube or first body 70 and is tdescopable therein. The flange 75 
is connected to or made integral with the top of the Iowa: tube 72. The pulley 74 
having a cable 80 associated with it is rotatably mounted within the mounting block 14. 
The cable 80 is woimd upon the pulley 74 with one end extending through the 
5 mounting block 14 and connected to the flange 75. The motor 76 is moimted to the 
mounting block and is fimctionally cotmected to the pulley 74. The motor 76 is 
contn3Ued electronically through a controller (not shown). The motor 76 {Hovides 
rotational motion to the pulley 74 for winding and unwinding the cable 80 about the 
pulley 74, The cable 80 in turn moves the flange 75 and the corresponding Iowct tube 

10 72 into the upper tube 70. 

As shown in FigJ, a !^ring 82 and is seated between Ihe upper tube 70 and the 
low^ tube 72 and acts to oppose the retraction of the lower tube 72 within the upper 
tube 70, thereby oppodng the motion of the pulley 74. As shown, the spring 82 is 
supported at one md by the lower tube 72 with a spring shield 84. The opposite end of 

15 the ^ring 82 is attached to the moimting block 14 at a spring post 86. Opa:ation of the 
pulley 74 to wind the cable 80 retracts the lower tube 72 within the upper tube 70. 
Likewise but in a reverse manner, operation of the pulley 74 to unwind the cable 80 
extends the lower tube 72 from the upper tube 70. 

The lasa- head may further include means for determining the distance the laser 

20 head is positi<med at above a surface of a workpiece. The means for determining may 
be any suitable distance sensing device or means, including but not limited to various 
electrical devices, cq>acitive sensing, laser reflection, variable resistance sensors, a 
linear potentiometer, etc. As shown, the means for d^ermining is means 97 for 
capacitive sensing. The means 97 for capadtive sensing includes an electrically 

25 conductive tip 90 disposed at the free or distal end of the no2zle 16 and a c^acitive 
sensing cable 94 (shown in part) attached thereto. 

As shown, the nozzle 16 is connected to the bottom of the lower tube 72 of the 
housing. The nozzle preferably has an electrically conductive tip 90. The nozzle 16 
may be made of any metal or alloy that is conductive and heat i^istant. An in^ating 

30 insert 89 is disposed between the tip 90 and the rest of the nozzle or housing. The 
insert prohibits undesirable electric oirrent from traveling through the nozzle or tip to 
the housing. The tip 90 is connected to the nozzle 16 with a conductive threaded insert 
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87. The insot 87 also provides a connection from the tip 90 to the capacitive sensing 
(»ble 94. 

Thus, the tip 90 is in electrical communication with a capacitive sensing cable 
94. The capacitive sensing cable 94 has an inner conductive core 104. The inner 
conductive core 104 is surrounded by an insulated outer coating or dielectric 1 10. The 
capacitive sensing cable may be connected to the tip 90 in any suitable manner, such as 
spot wdding, festeners, etc. The inner conductive core 104 is a conductive metal, such 
as copper, sUver, etc. A second insert 92 may be used to separate the tip 90 from the 
nozzle 16. As with the first insert above, the second insert 92 prohibits undesirable 
electric current from traveling through the nozzle to the housing. 

Id use, an electric charge is applied to the insulative tip 90 through die 
capacitive sensing cable 94, whereby an electrical discharge to the woricpiece in 
relation to the distance from the tip 90 occurs. The electrical discharge is measured or 
monitored by a controUer or any other suitable device (not shown), such as a PLC, 
computer analogue to digital converter, analogue electrical circuit, etc. The controUer 
may also operate to keep the distance between the tip 90 and the worlq)iece constant, 
such as by controlling the motor 76 operation. As wiU be discussed below, the 
controUer may also be used as part of a crash avoidance system. 

Operation of the motor 76 is controlled by a controUer (not shown), such as a 
PLC, electric circuit, computer or the like which may have a program. The controUer 
determines the motor 76 operation by processing signals sent from a potentiometer 102. 
means 97 for capacitive sensing or the Uke. As shown the potentiometer 102 is 
disposed between the mounting block 14 and the lower tube 72. The potentiometer 102 
is electronically connected to the controUer. The potentiometer 102 senses the amount 
of compression / retraction the housing has undergone and sends an electronic signal to 
the controUer. The signals may then be processed with any suitable device, for 
example, an A/D converter, computer software loaded mto the computer, etc. The 
signals are then used to determine the extension/retraction the housing has undergone. 

The laser head may also include an assist gas delivery system, wherein the 
system, preferably, is disposed within the housing and adapted to deUver an assist gas 
to the nozzle 16. As shown, the assist gas delivery system is a telescopable, two-part 
conduit 96 which extends along the inside of the housing 12 through the mounting 
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block 14 and is connected to a gas inlet connector 30. The gas inlet connector 30 is 
mounted to the top of the mounting block 14 and extends into the housing 12. The gas 
inlet connector 30 is connected to the conduit 96 disposed withm the iMusing 12 by any 
suitable ^ening means. The conduit 96 runs the length of the housing 12 tapering at 
the nozzle 16. The conduit 96 has a rigid inner tube 98 collapsible into a rigid outer 
tube 100, \«dierein the outer tube 100 has an inn» diameter greater than that of the outer 
diameter of the inner tube 98, thereby allowing the conduit 96 to retract/extend within 
itself The retractable, extendable gas assist delivery system provides a durable way to 
deliver an assist gas to the nozzle and provides a laser head more capable of operating 
about a three dimensional sui&ce. 

In a prefiared embodiment, the laser head and robot form a laser unit having a 
crash avoidance system The crash avoidance system includes means for detennining 
the opoating mode of the laser head; means for determining the distance the lasw head 
is operating at above a suxfece of a workpiece; and means for stopping the operation of 
the laser unit to avoid a collision when the laser head is detected at a piedetennined 
distance above a sur&ce of a woriq)iece. 

Referring now to Fig. 5, ^own therein is a flow chart depicting the opoation of 
a crash avoidance system in accordance with the present invention generally shown at 
524. Operation ofthe laser head and robot is performed as a unit. Hie unit may be 
operated in several different modes. The modes of operation may be determined by 
either the position of the laser head about a workpiece by an operating condition of 
the robot or by both. The modes of operation may include for example, an operating 
or run mode, a paric mode 5 10, a teach mode 5 12, and a hold mode 514. 

Each mode of operation may be a discrete operating mode. The lun mode is the 
actual operation of the unit. The paric mode 5 10 is a mode of operation where the unit 
is in a standing or latent position. The teach mode 512 is a mode of operation where 
the unit masks or traces the desired morions and actions of operation m order to 
program the unit. The hold mode 514 is a mode of operation where the unit operates 
upon a portion of a workpiece at an edge or hole ofthe worlq)iece. During operation, 
the laser head normally tracks the surfoce of a woriqnece by rising and Ming 
therewitL Ratiier than having the height ofthe laser head drop dramatically upon 
reaching an edge or hole in ti»e woricpiece, in the hold mode 5 14 the laser head 

14 



wo 00/54925 

PCT/US99/20820 

maimains it's cuirent operating axis or height irrespective of the surface it is operating 
upon to propoly perform the laser opemion. 

The means 522 for determining the distance the laser head is operating at above 
a surface of a workpiece is any device or means that aUows the approximate space 
between the distal end of the tip of a laser head and a surface of a workpiece to be 
measured. The laser head and robot fimction as a unit which operates upon a surfece of 
a work piece in one or more of the above mentioned modes. The means 522 for 
detennining the distance may be any suitable means or device, such as the means 97 for 
capacitive sensmg or the linear potentiometer 102 as described above. The means 522 
for determining may also be either a single device or separate devices 522', 522" for 
determining the distance. 

As mentioned above and shown in Fig. 3, the means 97 for capacitive sensing 
comprises a nozzle or tip 90 and means for electricaUy detenmning if the laser head is 
in contact with or in close proximity to the sur£ice of the workpiece. Dependmg upon 
the mode of operation that the unit is fonctioning in, the unit will not operate or will 
cease to operate when the laser head is at a predetermined distance fit)m a woik piece. 
The predetermined distance is normally from 0 mm to about 1mm and preferably less 
than 0.5 mm between the teser head and a workpiece. A crash is considered avoided 
even if the predetermined distance is set to 0 mm as long as damage does not occur to 
the laser head or robotic unit upon contact. Thus, by prohibiting the unit from operating 

in certain modes when the laser head is positioned at certain heights or in contact with a 
workpiece, the present mvention provides a laser head less likely to be mvolved in a 
crash with a workpiece or damaged, thereby preventing problems that may therefor 
foUow. 

The User head and robot or the unit may further be controUed by the operating 
condition of the laso- head. For instance, operating conditions of the hiser head mclude 
but are not Umited to the laser head reaching an extended limit 5 1 6 or a retracted limit 
518. As the presem invention also provides a laser head that is telescopable or 
extendable, the crash avoidance system may provide means for stopping the unit when 
thelaserheadreachestheextendedlimit516ortheretractedUmit518. Alaserhead 
wai typically reach an extended limit 516 when the laser head is at a maximum 
distance from a workpiece and the telescoping housing is fiiUy extended. Even though 
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the laser head is not likely to be involved in a colUsion with a woricpiece, such 
operating condition is likely to result in inferior use of the laser beam. Therefore, the 
laser unit is better shut down or left idle for adjustment than left to contimied operation 
on a woricpiece. 

The laser head reaches a retracted limit 5 1 8 when the laser head operates or 
moves close to or is in such proximity to a workpiece that the tdescopable housing of 
the laser head may no longer retract within itself A laser head may reach a retracted 
limit 518 as a result of preprogramming the operation of the laser head, wherein the 
programmmg does not coincide with unexpected variations of woricpiece surfece 
topography. Ifalaserheadislefttooperateataretractedlimit518,thefocused laser 
beam may not property impinge upon the suffiice of the woricpiece, or the laser head 
may be prone to increased coUisions. Therefore, the unit is preferably stopped or left 
idle unta adjustment to the unit or reprogramming may be preformed. 

For example, as a laser cuts a workpiece, the hiser head may operate at about 1 
mm from the cutting surfiice. In movement from woricpiece to woricpiece, the User 
cutting head may momentarily reach a pariced position, being as much as 10 mm from 
the woricpiece. As the head then moves from workpiece to woricpiece, the means 522 
for avoiding a coUision detects if the workpiece comes within a 3 mm to 6 mm range of 
the sui^ of a work piece and shuts the laser head and robot oflfbefore a collision 
occurs. 

The means 520 for stopping the operation of the laser head to avoid a coUision 

when the laser head b detected at a predetenmned distance above a surfece of a 
woricpiece may be any suitable means or device that stops or prohibits the movement of 
the laser head and robotic unit when a "crash" condition is met. Suitable devices 
con^ffise for example, a controller that receives a signal from a linear potentiometer, 
the controUer in turn sendmg a signal to open a crash interlock to Stop the laser head* 
andtherobot. The controfler can be any suitable controUmg device that may receive a 
signal and send a signal when a "crash" condition is met. Suitable controUing devices 
inchide a PLC, a computer driven by software, a circuit board with a controUer chip, an 
electric cucuit, an analogue electric circuit, PROM, etc. 

Referring now to Fig. 4, there is depicted therein a second embodiment of the 
present invention, generally depicted at 200, wherein an optical fiber 224 is comiected 
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to a laser head 200 at an angle, preferably normal to the cutting axis. In this 
embodiment, the laser head comprises a housing 201, an optical fiber 224 and means 
215 for adjusting the Ught path of tight beam produced from a tight source. As shown, 
the means 215 for adjusting is an adjustable optic or mirror assembly disposed within 
the housing 201 for adjusting the incoming tight beam along the y-axis of the laser head 
and a transhitable or sUdable carriage to adjust the incoming light beam along the x-axis 
ofthe laser head. 

Positioning the optical fiber 224 at an angle provides for attachment of a camera 
202 or other viewing device at the top of a mounting block 204, directly above the 
focused laser beam. As shown, a receiving mirror 206 or optic is disposed within the 
housing 201 and is adapted to deflect or bend the incoming light beam onto a first lens 
208 to provide a tight beam that enters the housing at an angle in reUition to the exiting 
toser beam. The tight beam is passed to a second or focal lens 210 from which the tight 
beam is focused through a nozzle 212 onto a woricpiece (not shown). 

A mounting block 204 in conjunction with the housing 201 is used to fix the 
laser head to a robot or robotic arm 235 (shown in Part). As shown, the mounting 
block 204 also provides a suitable support for a Ught source 224, for optics 208, 206, 
210 and fi>r a camera 202. The mourning block 204 has an mtemal chamber 218; a first 
hole 220 passing through the bottom of the mounting block which bisects the chamber 
218; and a second hole 222 extending from the side of the chamber to a back waU. 

The means 215 for adjusting may include an adjustable mirror assembly. As 
shown, the adjustable mirror assembly is disposed within the mounting block 204. The 
adjustable mirror assembly includes a mirror 206, a miiror mount 214, and a pair of 
biased adjustment ftsteners 250 (one of which is shown). The mirror 206 is seated on 
the mirror mount 214 and is rotatably disposed within the mtemal chamber 218 with 
the pair ofbiased adjustment festeners 250. The festeners 250 may be any suitable 
securing members that are adjustable, such as screws, bohs, ctips, damps, etc. As 
shown, the fiisteners 250 are screws extending through the mounting block to 
adjustabfy hold the mirror mount 214 in place. 

The miiror mount 214 has a machined side to tightly fit against or butt the front 
suifriceofa fiber adapter 230. A spring 216 is compressed between the minor mount 
214 and the back of the chamber 218 to keep the miiTor mount 214 butted to or pressed 
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against the fiber adapts 230. Butting the mirror mount 214 to the fiber adapter 230 
provides an assembly that may translate or slide in unison, yet forms a two piece 
assembly or a carriage 23 1 whoein tfie mirror mount 214 or mirror may independently 
rotate about an axis. 

An optical fiber 224 or other light source is connected to the mounting block by 
a fiber ad^ner 230. The optical fiber 224 is attached to the fiber adapter 230 by any 
suitable means, for example and as shown, a butt plate 228. The optical Sbec 224 is 
positioned to shine a light beam tiirough the second hole 222 to a receiving optic or 
muTor 206. The mirror 206 is positioned on tiie mirror mount 214 to form tiie mirror 
assembly. The nurror 206 may be of such design as to reflect only desired wavelengths. 
The minor 206 is positioned at an angle, preferably about 45 degrees, to provide optical 
communication between tiie optical fiber 224 and a first lens 208. 

A pair of fasteners, such as adjustment screws 250 (one of which is shown), 
rotatably support the mirror mount 214 within the mounting block. The adjustment 
screws 250 extend fix>m tiie outside of tiie mounting block 204 to the mirror mount 214. 
The adjustment screws 250 fimction to adjust tiie light beam from the optical fiber 224 
along the y-axis of tiie laser head onto the first lens 208 witiiout changing the lengtii tiie 
light beam travels fix>m the optic fiber 224 to the first tens 208. 

The carriage 23 1, as ^own, comprises the mirror assembly and the fiber 
ad^to- 230, ^K^ierein tiie mirror assembly diametrically opposes the fibw adapter at 
machined surfiwes to form tiie carriage 23 1. The carriage 23 1 is slidably seated in the 
mounting block 204. A guide pin 232 fixed to tiie mounting block rides within a guide 
channel 234 fiirmed in the carriage 23 1 to prohibit rotational movement of the fiber 
adapter 230 witiiin the mounting block 204. 

The carriage 23 1 is translatable along an axis of tiie laser head. Translation of 
the carriage 23 1 is limited by any suitable means or fiistening device. As shown, a pair 
of set screws 244, 246 limit the translation of the carriage. The set screws 244, 246 
extend through the mounting block 204 to contact a second groove 248 fisrmed on the 
slidable carriage 23 1, whereby tightening the set screws fixes tiie position of the 
slidable carrii^e 23 1 . 

The set screws 244, 246 operate in a synagist manner to mcrementally move 
the carriage 23 1 along an axis of tte laser head. To inca%mentally move the carriage, 
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the set soews 244, 246 are seated in a groove of the mounting block vk^wdn the 
groove 248 terminates on either aid at an inclining wall. The screws 244, 246 and 
groove 248 are adapted to move the carriage along the x-axis when loosening one 
screw 244 foUowed by the tightening of the other 246. Moving the carnage along the 
X-axis thereby moves the optic fiber and minor moimt in imison to reposition the light 
beam on a lens 208 without changing the length of the Hght path between the optic fiber 
224 and the lens 208. 

In practicing the present invention, preferably, the housing 201 is sealed and 
generally kept under positive pressure to keep the internal con^nents of the housing 
201, including optics, dust fi-ee. Also, the optical system, preferably, comprises a 
plurality of lenses such that a first receiving lens 208 or optic directs a pandlel or 
collimated light beam to a second focusing lens 210. 

While the invention has been iUustrated in detail in the drawings and the 
foregoing description, the same is to be considered as illustrative and not restrictive in 
character, it is understood that only the preferred embodiment has been shown and 
described fiiUy and tiiat all changes and modifications that come witiiin tiie spirit of the 
invention are desired to be protected. 

Having tiius described the above several embodiments of the present invention, 
what is claimed is: 
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